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In the next few years, theories predicting possibility to create mini black holes will be tested 
at CERN. Either experimental verification or rejection of these theories is of great scientific 
importance. There is a large consensus that, if successfully created, these short living mini 
black holes will decay through thermal (Hawkins’s) radiation. In the present comment we 
point out that, under the assumption of the gravitational repulsion between matter and 
antimatter (in short  we call it antigravity), thermal radiation may be dominated by a non-
thermal radiation ((being the consequence of pair creation from the vacuum, by 
gravitational field, which in the case of antigravity, pushes particles and antiparticles 
in opposite directions).Thus, an eventual creation of mini black holes may turn to be an 
unexpected opportunity to test the  existence of antigravity. 
 
             Recently developed theories with large or warped extra dimensions suggest that it would be 
possible to produce mini black holes (MBH) in the Large Hadrons Collider (LHC), at the European 
Centre for Nuclear Research, CERN (For a topical Review see [1] and References therein). So, 
detection of the first MBH, created by human activity may become reality already next year (i.e. 
2008).  
             Unambiguous detection of eventually formed MBH would be in its own a major scientific 
achievement. Of course, the goal must be more ambitious; not only to produce and detect MBH, but 
also to study their proprieties. 
             The cornerstone of the planned studies is the Hawking radiation, i.e. fast decay of a MBH by 
emitting elementary particles with a black body energy spectrum. For instance, Hawking radiation is 
expected to be a sensitive probe of the dimensionality of extra space. To be more specific, the 
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where, Г is the gamma function, d is the number of extra dimensions, MBH stays for  the mass 
of the black hole and MD (expected to be about 1TeV) is Planck mass in (4+d) dimensional 
space-time. The mass, MBH, of the black hole can be reconstructed from the total energy of 
decay products, while Hawking temperature may be determined from the energy spectrum of 
emitted particles. Now, after taking a logarithm of both sides of Equation (1), the 
dimensionality of extra space, d, may be determined from the slope of a straight-line fit to the 
log10(TH/1TeV) versus log10 (MBH/1TeV) data. 
             It is evident that in the above reasoning the Hawking radiation is taken for granted 
and that the possible existence of other mechanisms of decay of a black hole is neglected. The 
Hawking process was studied by many authors and (using different methods and approaches) 
they have confirmed the same original theoretical result [2] that black holes decay by black 
body radiation. So, with such a high level of consensus, the plans to use this phenomenon in 
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the future study of MBH seem quite reasonable. However, in spite of it we believe it is both, 
worth and necessary to think, under which circumstances the use of this method may become 
more difficult or even inconclusive. 
             Just as an illuminating example let’s point out the case of a charged black hole. 
Firstly, thermal radiation of a charged black hole depends on both its mass M and its electric 
charge Q (See [3] and References therein). Consequently a simple formula (1) is not more 
valid, what makes the use of the above method more difficult (but not impossible). Secondly, 
in addition to the radiation of thermal nature, a charged black hole emits particles through a 
non-thermal mechanism as well [3]. In fact, particle production by charged (Reissner-
Nordstrem) black holes was predicted simultaneously with or even somewhat earlier [3] than 
the famous Hawkins’s thermal radiation. This non-thermal radiation may be easily understood 
in the framework of Quantum Electrodynamics, where, as well known [4], in a sufficiently 
strong electric field (in this case the electric field of a charged black hole), the (Dirac) vacuum 
becomes unstable and decays leading to a spontaneous production of electron-positron pairs. 
What we can learn from this example is that decay of a black hole may be caused by both, 
thermal and non-thermal radiation and that, at least in principle, there are circumstances when 
thermal radiation is dominated by a non-thermal one. The most striking is the example of an 
extremal black hole (satisfying condition 20
2 4 GMQ πε= ). Such a black hole has a zero 
Hawking temperature (and accordingly gives no thermal radiation) but it still radiates [3] 
through the mechanism of creation of particle-antiparticle pairs. So, the extremal black hole is 
an example of purely non-thermal radiation and in such a case the proposed method based on 
the assumption of domination of thermal radiation, simply can’t work. It may be reasonably 
argued that in the physical world such black holes presumably don’t exist, or if they exist, 
they are a rarity and a large fraction of MBH that can be created in CERN will decay 
following Hawkins’s law. However, we may imagine a realistically possible case, when non-
thermal radiation (caused by pair creation) is inevitable. It is the case when there is 
gravitational repulsion between matter and antimatter (in short we call it antigravity).  
             In recent publications [5] it was pointed out that under the assumption of antigravity, 
a sufficiently strong gravitational field may lead to a spontaneous production of particle-
antiparticle pairs in the same way as a classical external electric field creates electron-positron 
pairs. In fact, in a vacuum, short-living “virtual” particle-antiparticle pairs are continuously 
created and annihilated again by quantum fluctuations. These pairs can be separated spatially 
by the external gravitational field (if there is antigravity, particle and antiparticle from a 
virtual pair, are pushed in opposite directions!) and so converted into real particles by the 
expenditure of the field energy. For this to become possible the potential energy has to vary 
by an amount  22mclmaV >∆=∆  in the range of about one Compton 
wavelength mcl /h≈∆ . Therefore the pair creation (of pairs with mass m) occurs for 
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where mcm /hD =  is the Compton wavelength (divided by π2 ) for a particle with mass m. In 
gravitational fields smaller than the critical value, instead of pair production, the vacuum 
polarization should be expected (because thanks to antigravity virtual particle-antiparticle 
pairs may be considered as short living gravitational dipoles (in analogy with electric dipoles).  
             It is evident that in the case of a black hole with mass M, there is a critical radius, 
RCm, at which, the acceleration has critical value given by Equation (2). Combining Equation 
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             Thus, qualitatively speaking, we may consider the space as divided into three regions. 
The first region (a sphere with radius RH) is filled with the mass M of the black hole. The 
second region, a spherical shell between the surfaces of the BH (sphere with the radius RH) 
and the “critical sphere” determined by radius RCm, is a “factory” for pair creation. In the third 
region (the space outside the “critical sphere”) vacuum polarization dominates pair 
production. 
             As a starting point, in order to get an idea about quantitative effects of antigravity, it 
is possible to use the exactly known probability [4] for pair production per unit time and 
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             The same formulae may be used in the case of antigravity [5] putting Ecr=acr and 






             However, without recourse to any quantitative estimation, it is immediately clear that 
non-thermal radiation caused by antigravity must dominate Hawking's radiation. In fact, the 
pair production of the most massive particle-antiparticle pairs is happening deep inside the 
horizon (i.e. inside the spherical shell determined with radiuses RH and RCm) while Hawking 
radiation comes from the close vicinty of  the Schwarzschild radius RS which is significantly 
larger than both RH and RCm. So, non-thermal radiation corresponds to shorter wavelengths 
(i.e. higher frequencies, energies and masses). Shortly, Hawking radiation is dominated. 
             The above reasoning (starting with Equation (2)) may be readily generalized to any 
number of extra dimensions. Thus if the decay of (eventually produced) mini black holes is 
dominated by non-thermal radiation it should be considered as a signature of antigravity. 
 
References  
[1] Greg Landsberg, J. Phys. G: Nucl. Part. Phys. 32 (2006) R337-R365 
[2] S.V. Hawking, Commun. Math. Phys. 43 (1975), 199 
[3] I. B. Khriplovich, Physics of Atomic Nuclei, 65 (2002) 1259 
[4] J.S. Schwinger, Phys. Rev. 82 (1951) 664-679  
     W. Greiner, B. Müller, J. Rafaelski, Quantum Electrodynamics of Strong Fields (1985),  
      Springer-Verlag, Berlin 
[5] D.S. Hajdukovic, ArXiv: gr-qc/0612088, 2006-arxiv.org 
      D.S. Hajdukovic, ArXiv: gr-qc/0701168, 2006-arxiv.org 








−




=
2324
3 2
exp1
Cm
Cm
R
Rmcmc
R
R
w π
π hh
